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ABSTRACT 



A system and method for distributing output queue space is 
provided that includes an output queue (18), a input queue 
(12), an asynchronous input queue (14), and a credit allo- 
cation module (22). The output queue (18) has a certain 
number of output spaces (19) where each output space (19) 
represents an output queue credit. The output queue (18) 
releases output queue credits when releasing data from 
output spaces (19) and receives data in response to a 
command being processed from the input queue (12). The 
input queue (12) queues commands and requests a number 
of output queue credits in response to receiving a command. 
The input queue (12) also releases the queued commands for 
processing in response to receiving the requested number of 
output queue credits. The asynchronous input queue (14) 
queues commands and requests a number of output queue 
credits in response to receiving a command. The asynchro- 
nous input queue (14) also releases the queued commands 
for processing in response to receiving the requested number 
of output queue credits. The credit allocation module (22) 
receives the released output queue credits and disburses the 
output queue credits in response to requests for output queue 
credits from the input queue (12) and the asynchronous input 
queue (14). 

21 Claims, 3 Drawing Sheets 
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SYSTEM AND METHOD FOR processing and for providing output to a single output queue. 

DISTRIBUTING OUTPUT QUEUE SPACE Another technical advantage is that an arbitrator coupled to 

one of the input queues can perform its arbitration duties 

without knowing a status of other input queues. Other 

TECHNICAL FIELD OF THE INVENTION s technical advantages may be readily apparent to one skilled 

m , _ , , . in the art from the following figures, description and claims. 

This invention relates in general to the field or computer 

queue systems, and more particularly to an improved system BRIEF DESCRIPTION OF THE DRAWINGS 

and method for distributing output queue space. _ , A , t , . , iL 

° r n r For a more complete understanding of the present mven- 

BACKGROUND OF THE INVENTION 10 l * on m ^ lne ^vantages thereof, reference is now made to 

the following description taken in conjunction with the 

In computer systems, commands such as reads and writes accompanying drawings, in which like reference numbers 

are queued for processing until space is available in an represent like parts, and in which: 

output queue to return the results of the command. Once FIG. 1 is a block diagram illustrating a multiprocessor 

space becomes available in the output queue, the command 15 computer system - 

is typically released and processed where it returns data or nG 2 fe a ^ d - illustralmg a system for 

other information into the output queue. distributing output queue space; 

Conventional systems typically have a single input queue FIG. 3 is a flow diagram illustrating a method for distrib- 

through which all commands are processed for a given ^ t £ . and 

output queue. However, newer computer system designs 20 „. _ , ... . e 

• t j 1 j • . • . FIG. 4 illustrates an alternate embodiment of the system 

may include additional commands in a separate input queue c ,. ...... t } 

c } • i t for distributing output queue space, 

for processing as space permits in the given output queue. & k i r 

Conventional memory systems do not provide for multiple DETAILED DESCRIPTION OF THE 

input queues to provide commands for processing and to INVENTION 

provide output to a single output queue. Therefore, it is 25 , 

desirable to provide a system for distributing output queue Referring to FIG. l a multiprocessor computer system is 

space between multiple command input queues. ****** a Multiprocessor computer system 1 

includes a plurality of processors 2 coupled to a crossbar 20. 

SUMMARY OF THE INVENTION Crossbar 20 is further coupled to a memory interface 4. 

30 Memory interface 4 is further coupled to memory 16. 

From the foregoing, it may be appreciated that a need has Crossbar 20 distributes messages, commands, requests, and 

arisen for a system and method for distributing output queue returned data between various parts of multiprocessor com- 

space that provides support for multiple command input puter system 1. In one embodiment, crossbar 20 distributes 

queues. In accordance with the present invention, a system messages, commands, requests, and returned data between 

and method for distributing output queue space are provided 35 ^ plurality of processors 2 and memory interface 4. 

that substantially eliminate and reduce disadvantages and Memory interface 4 includes memory command input 

problems associated with conventional output queue space qucU es, returned memory data output queues, and output 

distribution systems. q Ueue allocation logic. 

According to an embodiment of the present invention, a Referring to FIG. 2, a system for distributing output queue 

system for distributing output queue space is provided that 40 space j n a computer system 1 is generally indicated at 10. 

includes an output queue, an input queue, an asynchronous Multiprocessor computer system 1 may include several 

input queue, and a credit allocation module. mpu t queues and output queues for various purposes. One 

The output queue has a certain number of output spaces type of input queue and output queue are used with a 

where each output space represents an output queue credit computer memory to queue and process commands against 

for the output queue. The output queue is operable to release 45 the computer memory. However, the system for distributing 

output queue credits when releasing data from output spaces output queue space 10 may also be used with any general 

in the output queue and to receive data in response to a purpose output queue or any specific purpose output queue 

command being processed from the input queue. The input within multiprocessor computer system 1. In one 

queue is operable to queue commands and to request a embodiment, the system for distributing output queue space 

number of output queue credits in response to receiving a 50 10 is generally used with a computer memory system within 

command in the input queue. The input queue is further a computer processing system. Although the remainder of 

operable to release the queued commands for processing in this disclosure will discuss the present invention with rela- 

response to receiving the requested number of output queue lion to input queues and an output queue for use with a 

credits. The asynchronous input queue is operable to queue computer memory system, the present invention applies 

commands and to request a number of output queue credits 55 equally to use with any output queue and any input queue 

in response to receiving a command in the asynchronous within multiprocessor computer system 1. 

input queue. The asynchronous input queue is further opcr- a memory input queue 12 and an asynchronous input 

able to release the queued commands for processing in queue 14 provide memory commands to a memory 16. The 

response to receiving the requested number of output queue memory commands include memory operations such as 

credits. The credit allocation module is operable to receive 60 rea ds and writes. An output queue 18 receives data from 

the released output queue credits and to disburse the output memory 16 after the memory commands are processed. A 

queue credits in response to requests for output queue credits system crossbar 20 takes data from output queue 18 and 

from the input queue and the asynchronous input queue. distributes it to the section of the computer system that 

The present invention provides various technical advan- submitted the memory command. Since the computer sys- 

tages over conventional output queue space distribution 65 tern includes two memory command input queues, a system 

systems. For example, one technical advantage is that mul- is needed to distribute output queue space between the two 

tiple command input queues may provide commands for memory command input queues. 
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The system for distributing output queue space 10 is a released and processed thereby filling the available output 

credit-based distribution system. Output queue 18 includes space 19 in the output queue 18. In one embodiment, the 

a certain number of output spaces 19 where each output request for output queue credits is represented by the exist- 

space 19 is equivalent to one output queue credit. In one cncc 0 f a memory command in memory input queue 12. 

embodiment, output queue 18 includes twenty-four output 5 Me m , u rcccive& mc comma nds 

spaces 19 and, thus, is equivalent to twenty-four output from ±& uter ^ and temporari]y stores the 

queue credits. Each memory command in memory input mc commands for processing until output space 19, in 

queue 12 and asynchronous input queue 14 requires a certain ^ form of out , credit£> becomes avai i ab i e in 

number of output queue credits before it can process. In one QUtput queue 18 30 dctcrraincs me ordcr in which 

embodiment, each memory command uses a memory cache 10 ^ memory commands m memory input queue 12 will be 

line that requires eight output queue credits to be processed. ldeased and ^ In onc embodiment, the oldest 

Thus, the data forwarded to output queue 18 from memory me command in memory input queue 12 requires eight 

16 in response to the memory command would utilize eight t CTedits for ocessing wbi i e newer memory 

output spaces 19 in output queue 18. Smce there are a finite commands m raemory input queue 12 require sixteen output 

number of output queue credits available, credit allocation 15 credits for processing , Newer memory commands in 

module 22 determines how those output queue credits will me ; t queu£ u fequire skteen Qutput queue credits 

be allocated between memory input queue 12 and asynchro- SQ that after processing ^ newer meraory commands, eight 

nous input queue 14. Once enough output queue credits are Qutput qucuc Qtcd{tj . afe kft to proc6SS thc oldcst mcmory 

accumulated, a memory command from memory input commarid m memory input queue 12. This prevents the 

queue 12 or asynchronous input queue 14 will be released 20 ddcst memory command f rom permanently remaining in 

and processed. memory input queue 12 by assuring that output queue 

A credit allocation module 22 includes a credit bucket 24. credits arc ava ilable to process the oldest memory command 
Credit allocation module 22 decides how to distribute the even $ i{ ^ not chosen by arbitrator 30 to be processed first, 
credits accumulated in credit bucket 24. Credit allocation ynchronous mput queue M receives memory corn- 
module 22 distributes credits to a memory output crea.ts 25 mand ; frQm me • ^ m< 

Asynchronous input 

buffer 26 and an asynchronous output credits buffer 28. An M fe & pjpQ ^ m first out) M the name 

arbitrator 30 is coupled to memory input queue 12 and ^ . m commands in synchronous input queue 14 

determines which entry m memory input queue 12 should be are F asynchronous and> therefore) ^ be processed ^ output 

processed first. ^ 19 becom es available in output queue 18. In another 

Since memory input queue 12 receives synchronous 30 embodimentj asynchronous input queue 14 may be any type 

memory commands from the computer system, processes on of . e mchlding a synch ronous input queue, 

the computer system are waiting for thc results to be though thc memory commands in asynchronous input 

returned from the memory command. Because of the syn- qu£ue u are asynchronous, tbey need to be processed 

chronous nature of the memory commands in mcmory input eventually. Therefore, the system 10 cannot starve the asyn- 

queuel2,arbitrator30determinesinwhatorderthememory 35 chronous input queiie 14 of output queue credits. When 

commands should be processed. In another embodiment, asynch ronous input queue 14 receives a mcmory command, 

memory input queue 12 may be any type of input queue a request is S£nl fof an appropriate number of 011tput 

including an asynchronous input queue. Arbitrator 30 deter- credjts In Qne embodimentj the rcquest for outpm 

mines the number of output queue credits needed for pro- credits ^ represented by the existence of a memory com- 

cessing each time a decision is made to release a memory 40 maQd ^ KyndbraDtms input queue 14. In one embodiment, 

command for processing. In one embodiment, arbitrator 30 (he number of output queue credits needed for each memory 

maintains a constant request for a maximum number of command is eight 

output queue credits to be placed in memory output credits _ . t t , „ „ , , 

buffer 26. In that embodiment, the maximum number of 0nce asynchronous output credits buffer 28 accumulates 

output queue credits is sixteen. The memory output credits 45 an adet l uate n " mbe 1 r of 0Ul P Ut qUeUe CredltS ' as y nchro ™ us 

buffer 26 can accumulate a maximum of sixteen output m P ut I^J 4 releases the next memor y command , for 

queue credits and can accumulate credits even when no Processing. The memory command is processed I against 

^ , . . 4 1-1 ti memory 16 and data is returned into output queue 18 thereby 

commands are present m memory input queue 12. By f , \ 

... 4 . 4f-*u „„™k», „V using the output queue credits. It is important to note that 

maintaining a constant rcquest for the maximum number 01 L * ?-„ , , - L * , . ■ 

... . -an - .t..«:-,., output queue credits are only distributed to asynchronous 

credits, arbitrator 30 insures that sufficient output queue 50 v H . „ _„ J , / 

... 1 li • . t l cc ^£ , output credits buffer 28 if a memory command is waiting to 

credits are available in memory output credits buffer 26 to , v . .. , t t j-, 

, , ' r . , be processed in the queue. In addition, output queue credits 

process any command that may arrive in memory input *\. , \ . J JL 7 ^ 

n ( ■ tU - 4 w* . in a ~ are distributed up to the number needed by each buffer. Any 

queue 12. Therefore, in this embodiment, arbitrator 30 does ^ , ... J , . A ' 

4 1 t r , ( j., , j 11 excess output queue credits are held in credit bucket 24. 

not make a request for output queue credits to credit alio- v 4 

cation module 22 since a request for the maximum number ss Since there is a continuous request from arbitrator 30 for 

of credits is continuously made. Output queue credits accu- sixteen output queue credits to be placed in memory output 

mulate up to the requested number and are not replenished credits buffer 26, output queue credits may be distributed to 

until a command is released from memory input queue 12 memory output credits buffer 26 even if do commands are 

thereby using some of the output queue credits available in present in memory input queue 12. 

memory output credits buffer 26. In another embodiment, a 60 If asynchronous input qucuc 14 has a command waiting to 

request for output queue credits is sent to credit allocation process and memory output credits buffer 26 has its maxi- 

module 22 and remains active until credit allocation module mum of sixteen output qucuc credits, any output queue 

22 fills the request by forwarding an appropriate number of credit received by credit allocation module 22 in credit 

output queue credits to memory output credits buffer 26. bucket 24 will be distributed to asynchronous output credits 

Once memory output credits buffer 26 contains sufficient 65 buffer 28. If asynchronous input queue 14 does not have a 

output queue credits to process the memory command command waiting to be processed and memory output 

selected by arbitrator 30, the selected memory command is credits buffer 26 has less than its maximum of sixteen output 
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queue credits, any output queue credits received by credit Returning to decisional step 44, if asynchronous input 

allocation module 22 in credit bucket 24 will be forwarded queue 14 has a command waiting to be processed, the YES 

to memory output credits buffer 26 until memory output branch of decisional step 44 proceeds to decisional step 50 

credits buffer 26 accumulates its maximum of sixteen output where a determination is made regarding whether memory 

queue credits. Recall that memory output credits buffer 26 5 output credits buffer 26 has less than its maximum of sixteen 

may receive output queue credits even if no commands are credits. If memory output credits buffer 26 does not have 

in memory input queue 12 waiting to be processed. less than its maximum of sixteen credits, the NO branch of 

If asynchronous input queue 14 has a command waiting to decisional step 50 proceeds to step 52 where available 

be processed and memory output credits buffer 26 has less output queue credits in credit bucket 24 are given to asyn- 

than its maximum of sixteen output queue credits, any 10 chronous output credits bucket 28 until asynchronous output 

output queue credits received by credit allocation module 22 credits buffer 28 accumulates the requested number. Recall 

in credit bucket 24 are allocated one at a time first to memory that asynchronous input queue 14 requests output queue 

output credits buffer 26 and then to asynchronous output credits as commands arc received in asynchronous input 

credits buffer 28 until the requested number of output queue q Ueue 14. step 52, the method terminates, 

credits are delivered to each buffer or there ^are ™ remaining If m t Cfedits buffef 26 has less than ^ 

output queue credits m credit bucket 24. If credit bucket 24 maximum of sixt< £ n credit the branch of decis ional 

distributes all available output queue credits before the „. cn , . , A M nM „ 11011IS ,v 

buffer requests are filled, credit allocation module 22 tracks s £P 50 proceeds to step 54 where one ou put queu credit _is 

the recipient of the last output queue credit so that the next ^ mftlc * forwardcd t0 mcm °Z ° UtpUt ^ buffer 26 

available output queue credit mly be forwarded to the other followed by one output queue credit to asynchronous output 

output credits buffer thereby maintaining the alternating 20 credits buffer 28 until memory output credits buffer 26 

distribution of output queue credits. accumulates its maximum of sixteen credits and asynchro- 

Referring to FIG. 3, a method for distributing memory nous out P ut CTcdils buffer 28 accumulates the requested 

output queue space is generally indicated at 40. Method 40 number of credlts - If either m P ut 3 ueue 15 awaiting output 

illustrates the method used in credit allocation module 22 for queue credits after the last output queue credit is distributed 

allocating output queue credits received in credit bucket 24. 25 b° m credit bucket 24, credit allocation module 22 tracks the 

The method commences at step 42 where an output queue recipient of the last output queue credit so that the alternate 

credit is received in credit bucket 24, a request for output forwarding of output queue credits continues until memory 

queue credits is received from asynchronous input queue 14, output credits buffer 26 accumulates its maximum of sixteen 

or output queue credits from memory output credits buffer credits and asynchronous output credits buffer 28 accumu- 

26 are used thereby reducing the output queue credits 30 lates the requested number of credits. After step 54, the 

available in memory output credits buffer 26 below the method terminates. 

maximum of sixteen. Recall thai memory output credits me out p U t queue credits are distributed to memory 

buffer 26 has a continuous request to accumulate sixteen outpm credits buffer 26 and async hronous output credits 

output queue credits. System crossbar 20 releases one output buffer 28 me m ul ueue 12 an d asynchronous input 

space 19 at a tune and therefore re eases one output queue u determine whelher ^ te outmit queue credits 

credit at a time to credit bucket 24. In another embodiment * ^ md ^ & 

system crossbar 20 releases output queue credits m blocks of ^ ^ * 

eight corresponding to the memory 16 cache line size. ' /* 

Output queue credits are potentially distributed each time an °*Put q^ue credits and undistributed output queue credits 

output queue credit is received in credit bucket 24, each time are in credlt bucket 24 > lhe in P ul <J ueu f needing additional 

a memory command is received in asynchronous input 40 output queue credits repeats the method to obtain more 

queue 14, or each time a command is released from memory credits. If either input queue has an adequate number of 

input queue 12. Output queue credits may accumulate in output queue credits, a memory command is released and 

credit bucket 24 if there are no memory commands in processed, and the output queue credits needed to process 

asynchronous input queue 14 and memory output credits the memory command are subtracted from the appropriate 

buffer 26 has accumulated its maximum of sixteen credits. 45 credits buffer. In this way, the total of credit bucket 24, 

The method proceeds to decisional step 44 where a memory output credits buffer 26, and asynchronous output 

determination is made regarding whether asynchronous credits buffer 28 should equal the number of output spaces 

input queue 14 has a command waiting to be processed. If 19 in output queue 18 that are currently available to accept 

asynchronous input queue 14 does not have a command data from memory 16. 

waiting to be processed, the NO branch of decisional step 44 50 Referring to FIG. 4, an alternate embodiment of the 

proceeds to decisional step 46 where a determination is system for distributing memory output queue space 10 is 

made regarding whether memory output credits buffer 26 generally indicated at 80. In the alternate embodiment, 

has less than its maximum of sixteen credits. If memory memory commands in memory input queue 12 and asyn- 

output credits buffer 26 does not have less than its maximum chronous input queue 14 require space in both output queue 

of sixteen credits, then NO branch of decisional step 46 55 18 and a parallel header output queue 82 before memory 

terminates the method. If the method proceeds to this point, commands can be released and processed against memory 

output queue credits are accumulated in credit bucket 24. 16. In addition to the elements previously described with 

If memory output credits buffer 26 has less than its relation to FIG. 2 and FIG. 3, the alternate system for 

maximum of sixteen credits, the YES branch of decisional distributing memory output queue space 80 includes the 

step 46 proceeds to step 48 where the available output queue 60 header output queue 82, a header credit bucket 84, a memory 

credits in credit bucket 24 are distributed to memory output header credits 86, and an asynchronous header credits 88. In 

credits buffer 26 until memory output credits buffer 26 one embodiment, each eight output queue credits required 

accumulates its maximum of sixteen credits. Recall that for a memory command in memory input queue 12 also 

memory output credits buffer 26 can accumulate output requires three header credits for header output queue 82. In 

queue credits regardless of whether memory input queue 12 65 that embodiment, memory commands in asynchronous input 

has a pending command. After step 48, the method termi- queue 14, in addition to eight output queue credits, require 

nates. one header credit. 
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The parallel header credit system functions in the same 
way as the output queue credit system. Thus, memory 
commands from either memory input queue 12 or asynchro- 
nous input queue 14 are released and processed against 
memory 16 returning data into output queue 18 and headers 
into header output queue 82. System crossbar 20 retrieves 
data from output queue 18 and headers from header output 
queue 82 and forwards both to the appropriate section of the 
computer system. At that time, system crossbar 20 releases 
output queue credits to credit bucket 24 and header credits 
to header credit bucket 84. Credit allocation module 22 takes 
credits available in both credit bucket 24 and header credit 
bucket 84 and similarly distributes the credits. Header 
credits from header credit bucket 84 are distributed to either 
memory header credits 86 or asynchronous header credits 
88. Memory input queue 12 and asynchronous input queue 
14 do not release and process a memory command until 
sufficient credits are available in both associated credit 
stores. 

Thus, it is apparent that there has been provided, in 
accordance with the present invention, a system and method 
for distributing output queue space that satisfies the advan- 
tages set forth above including support for multiple memory 
command input queues. Although the present invention and 
its advantages have been described in detail, it should be 
understood that various changes, substitutions, and alter- 
ations may be readily apparent to those skilled in the art and 
may be made herein without departing from the spirit and 
the scope of the present invention as defined by the follow- 
ing claims. 

What is claimed is: 

1. A system for distributing output queue space, compris- 
ing: 

an output queue having ascertain number of output 
spaces, each output space being represented by an 
output queue credit, the output queue operable to 
release output queue credits when releasing data from 
output spaces in the output queue, the output queue 
further operable to receive data in response to a com- 
mand being processed from an input queue; 4Q 

a memory input queue operable to queue commands, the 
memory input queue further operable to request a 
number of output queue credits whether or not a 
command has been received, the memory input queue 
further operable to release any queued commands for 4j 
processing in response to receiving the requested num- 
ber of output queue credits; 

an asynchronous input queue operable to queue 
commands, the asynchronous input queue further oper- 
able to request a number of output queue credits in 5 0 
response to receiving a command to be queued, the 
asynchronous input queue further operable to release 
the queued command for processing in response to 
receiving the requested number of output queue credits; 

a credit allocation module operable to receive the released ss 
output queue credits and to disburse the output queue 
credits in response to requests for output queue credits 
from the memory input queue and the asynchronous 
input queue. 

2. The system of claim 1, further comprising: 
an arbitrator coupled to the memory input queue and 

operable to determine a processing order of the queued 
commands, the arbitrator further operable to request a 
number of output queue credits needed to process a 
queued command selected for processing. 

3. The system of claim 2, wherein the arbitrator deter- 
mines that a certain number of output queue credits are 



needed to process the selected command in response to 
selecting an oldest command in the memory input queue for 
processing. 

4. The system of claim 3, wherein the certain number is 
eight. 

5. The system of claim 2, wherein the arbitrator deter- 
mines that a certain number output queue credits are needed 
to process the selected queued command in the memory 
input queue in response to selecting a queued command 
other than an oldest command for processing. 

6. The system of claim 5, wherein the certain number is 
sixteen. 

7. The system of claim 1, wherein the number of output 
queue credits requested by the asynchronous input queue is 
eight output queue credits. 

8. The system of claim 1, wherein the output queue 
includes twenty-four output spaces. 

9. The system of claim 1, wherein the memory input 
queue maintains a continuous request for a maximum num- 
ber of output queue credits. 

10. The system of claim 9, wherein the maximum number 
is sixteen. 

11. The system of claim 1, further comprising: 
a header output queue having a certain number of header 

output spaces, each header output space representing a 
header output queue credit in the header output queue, 
the header output queue operable to release header 
output queue credits when releasing headers from 
header output spaces in the header output queue, Ihe 
header output queue further operable to receive headers 
in response to a command being processed from the 
memory input queue; 
wherein the memory input queue is further operable to 
request a number of header output queue credits in 
response to receiving a command in the memory input 
queue, the memory input queue further operable to 
release the queued commands for processing in 
response to receiving the requested number of output 
queue credits and the requested number of header 
output queue credits; 
wherein the asynchronous input queue is further operable 
to request a number of header output queue credits in 
response to receiving a command in the asynchronous 
output queue, the asynchronous input queue further 
operable to release the queued commands for process- 
ing in response to receiving the requested number of 
output queue credits and the requested number of 
header output queue credits; 
wherein the credit allocation module is further operable to 
receive the released header output queue credits and to 
disburse the header output queue credits in response to 
requests for header output queue credits from the 
memory input queue and the asynchronous input 
queue. 

12. The system of claim 11, further comprising: 
an arbitrator coupled to the memory input queue and 

operable to determine a processing order of the queued 
commands, the arbitrator further operable to request a 
number of output queue credits and a number of header 
output queue credits needed to process a queued com- 
mand selected for processing. 

13. The system of claim 12, wherein the arbitrator deter- 
mines that three header output, queue credits are needed to 
process the selected command in response to selecting an 

65 oldest command in the memory input queue for processing. 

14. The system of claim 12, wherein the arbitrator deter- 
mines that six header output queue credits are needed to 
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process the selected queued command in the memory input 
queue in response to selecting a queued command other than 
an oldest command for processing. 

15. The system of claim 11, wherein the number of header 
output queue credits requested by the asynchronous input 5 
queue is one header output queue credit. 

16. The system of claim 11, wherein the header output 
queue includes twelve header output spaces. 

17. A method for distributing output queue space, com- 
prising: 10 

receiving output queue credits in a credit allocation mod- 
ule; 

determining a needed number of output queue credits 
needed for a memory input queue to reach a maximum 
number of output queue credits; 15 

determining a requested number of output queue credits 
requested for processing pending commands in an 
asynchronous input queue in response to the asynchro- 
nous input queue having pending commands; 2Q 

allocating the needed number of output queue credits to 
the memory input queue in response to the memory 
input queue having less than the maximum number of 
output queue credits and the asynchronous input queue 
not having pending commands; 2 5 

allocating the requested number of output queue credits to 
the asynchronous input queue in response to the asyn- 
chronous input queue having pending commands and 



501 Bl 

10 

the memory input queue having a maximum number of 
output queue credits; 
allocating one output queue credit to the memory input 
queue followed by allocating one output queue credit to 
the asynchronous input queue and alternating back and 
forth until the memory input queue accumulates the 
maximum number of output queue credits and the 
asynchronous input queue accumulates the needed 
number of output queue credits in response to the 
asynchronous input queue having pending commands 
and the memory input queue having less than the 
maximum number of output queue credits. 

18. The method of claim 17, wherein the maximum 
number is sixteen. 

19. The method of claim 17, further comprising: releasing 
a command from the memory input queue in response to 
receiving the needed number of output queue credits. 

20. The method of claim 17, further comprising: 
releasing a command from the asynchronous input queue 

in response to receiving the requested number of output 
queue credits. 

21. The method of claim 17, further comprising: 
releasing output queue credits in response to an output 

queue releasing data from the output queue; forwarding 
the released output queue credits to the credit allocation 
module. 

* + * * * 
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